T he 2010 clinical practice guideline for the diagnosis and management of osteoporosis in Canada 1 focused on the care of adults living in the community. However, the fracture rate for adults living in long-term care (residents) is two to four times that of adults of similar age living in the community, and onethird of older adults who experience hip fracture are residents in long-term care. 2 Hip fracture is one of the most serious consequences of osteoporosis and also one of the leading causes of admission to hospital. 3 When residents return to long-term care after a hospital stay, they need additional hours of specialized care. 4, 5 In addition, fracture pain and delirium frequently associated with analgesia are distressing for residents and their families. Vertebral fractures are also a concern for residents, and the reported prevalence is up to 30% (for at least one moderate to severe fracture). 6 Multiple vertebral fractures can be a substantial cause of pain, anxiety, depression, reduced pulmonary function 7 and agitation. Frail older adults at high risk of fracture in long-term care face other challenges. More than 40% have dementia, 8 a similar percentage experience swallowing difficulties, 9, 10 and over 20% may have renal insufficiency. 11, 12 It may be difficult to identify residents at high risk of fracture, as the current fracture risk assessment tools (the Canadian Association of Radiologists and Osteoporosis Canada tool 13 [CAROC; www.osteoporosis.ca/multimedia/pdf/ CAROC.pdf] and the Canadian WHO Fracture Risk Assessment Tool [FRAX; www.shef.ac.uk/ FRAX/]) provide 10-year fracture risk and have not been validated in long-term care, where over 20% of residents may die within one year of admission. 14, 15 Most research regarding risk assessment and pharmacologic therapies has not included those with multiple comorbidities.
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Scope
This document provides guidance regarding strategies for the prevention of fractures directed toward interprofessional teams caring for frail older adults in long-term care.
Methods
This guideline, which has been endorsed by Osteoporosis Canada, was developed using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach 18, 19 (www.gradeworkinggroup.org), in a process led by a GRADE methodologist (N.S.). The guideline panel comprised the authors, other multidisciplinary health care providers and researchers, and representatives from resident and family councils (see Appendix 1, available at www.cmaj.ca/lookup/suppl/doi: 10.1503/cmaj.141331/-/DC1). The panel was first surveyed to prioritize questions and impor-tant outcomes. In addition to fractures (hip, vertebral and nonvertebral), the group as a whole identified pain, quality of life, loss of activities of daily living and mobility, death and adverse events requiring medical attention as important outcomes. Family members of residents ranked prevention of pain and maintenance of mobility as most important.
We conducted systematic searches of the literature for published network meta-analyses, systematic reviews, randomized controlled trials and nonrandomized studies up to June 2013. Details of the synthesis of the evidence, preparation of evidence profiles and evidence-to-decision tables for five key strategies to prevent fracture (vitamin D and calcium intake, osteoporosis medications, hip protectors, exercise and multifactorial interventions) are presented in Appendix 1. Briefly, evidence for relative risks and differences among interventions were converted to absolute effects with 95% confidence intervals (CIs) and were presented in evidence profiles. When data regarding fractures in long-term care were not available, we used data for adults 75 years and older. The overall annual rate of hip, vertebral and other fractures in long-term care residents was 2%; 2, [20] [21] [22] for those at high risk, the annual rate of vertebral fracture was 20%, 23 and annual rates were estimated to be 6% for hip fracture and 6% for all other fractures.
We assessed the quality of the evidence as high, moderate, low or very low according to the GRADE criteria 18 ( Table 1) . The evidence-todecision tables presented to the panel for consideration included a summary of the evidence for benefits and harms, the quality of the evidence, relevant values and preferences of residents and their families, resource use and feasibility. Recommendations were assessed as "strong" or "conditional" (Table 2 ). Strong recommendations are worded as "we recommend" and conditional recommendations as "we suggest."
Recommendations
We developed recommendations for interventions to prevent fracture for two groups: older residents in long-term care who are at high risk of fracture and older residents who are not at high risk of fracture.
Until a method for defining those at high risk of fracture in long-term care has been validated, we propose an adaptation of the definition presented in the 2010 Osteoporosis Canada guideline, 1 which relies heavily on fracture history (Box 1). If a resident has been identified as having a high risk of fracture and has received osteoporosis treatments before admission to long-term care, that classification may continue to apply at admission. 18 Rating of evidence quality
Definition
High
We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate
We are moderately confident in the effect estimate. The true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.
Low
Our confidence in the effect estimate is limited. The true effect may be substantially different from the estimate of the effect.
Very low
We have very little confidence in the effect estimate. The true effect is likely to be substantially different from the estimate of effect. The recommendation for residents at high risk places a high value on the reduction in hip fractures and the small reductions in vertebral and nonvertebral fractures and in mortality that can be achieved with calcium supplementation. It places a lower value on the small increased risk of gastrointestinal adverse effects that may occur and the resources required in long-term care to provide calcium supplementation.
The recommendation for residents not at high risk is conditional, as there may be little to no benefit of calcium supplementation, and adverse effects of supplementation, such as gastrointestinal and renal adverse effects, may occur. For residents who value avoiding these adverse effects, supplementation may not be a desirable option.
These recommendations apply to supplementation with any calcium compound, including calcium carbonate or citrate. The recommendation to limit supplementation to 500 mg was based on the uncertainty about harms of calcium supplementation in studies of community-dwelling individuals who received calcium supplementation of 1000 mg or more daily. The recommendation for residents at high risk places a high value on reductions in hip fractures, mortality and falls and a lower value on the resources in long-term care that are required to provide vitamin D supplementation. The recommendation for residents not at high risk also places a high value on reduction in falls, as they may lead to serious injuries, fear of falling and burden to staff in long-term care; however, there is some uncertainty about a reduction in falls and little to no reduction in fractures with vitamin D supplementation in this group.
These recommendations apply to supplementation with D 3 , as this form may be more accessible because of its lower cost relative to D 2 . A dose of about 800 IU reduced fractures in people with normal or low 25-hydroxyvitamin D levels 24 and also increased 25-hydroxyvitamin D levels to normal in those with low levels; 25 therefore, 800 IU is recommended. However, the exact dose may depend on the dosing regimen that is available (e.g., a 1000 IU drop or tablet would be acceptable). The benefits of vitamin D supplementation are closely linked to adequate calcium intake, and therefore recommendations for calcium intake should also be applied. The recommended dietary allowance for vitamin D for people older than 70 years is 800 IU daily, and the tolerable upper intake level is up to 4000 IU. Summary of the evidence Overall, there was moderate-quality evidence for benefits and low to very low quality evidence for harms of calcium and vitamin D. We found that vitamin D in addition to calcium probably reduces hip fractures and mortality more than vitamin D alone or calcium alone: 24, 26, 27 for residents at high risk, we estimated 15 fewer hip fractures (95% CI -24 to -5) per 1000; for residents not at high risk, we estimated 5 fewer hip fractures (95% CI -8 to -2) per 1000; and for all residents, we estimated 7 fewer deaths (95% CI -14 to -1) per 1000.
We found that vitamin D and calcium supplementation likely has little or no effect on vertebral fractures, with only 2 fewer vertebral fractures (95% CI -44 to 61) per 1000. The effect is similar with vitamin D only, but a reduction may be likely with calcium only (49 fewer fractures [95% CI -99 to 19] per 1000). 26, 27 Calcium, or vitamin D with or without calcium, probably has little to no effect on the incidence of nonvertebral fractures, 24, 26, 27 quality of life 28 or muscle strength. 29 The data for falls were not precise (with the CIs including the possibilities of benefit, no effect and harm), and the effects were not consistent when the rate or risk of falls was measured. [30] [31] [32] [33] However, vitamin D and calcium, or vitamin D alone, may reduce falls. This is important because one-third of all falls may result in an injury, and every fifth injurious fall may result in treatment outside the patient's own setting. 34 We found no data on pain, anxiety, mobility and performance of activities of daily living in relation to calcium and vitamin D.
With respect to minor and major adverse events, vitamin D or calcium supplements probably increase mild or serious gastrointestinal events to a similar extent, by about 8 (95% CI 0 to 17) per 1000. 26 Gastrointestinal symptoms or difficulties taking calcium tablets may contribute to poor adherence. 28, 33 The evidence suggested slightly more cases of hypercalcemia (5 more cases per 1000, 95% CI -1 to 18) and renal insufficiency or calculi (3 more cases per 1000, 95% CI 0 to 6) with vitamin D (D 2 or D 3 ). 26 The evidence for more myocardial infarctions with calcium supplementation of 1000 mg or more among community-dwelling individuals is uncertain, as it is not consistent with observed reductions in mortality, 26 and the CIs around the estimates include no effect and the possibility of appreciable harm. [35] [36] [37] Subgroup analyses from systematic reviews showed that there may be little or no difference in rates of fractures or falls by type of vitamin D (D 3 or D 2 ), 26, 30, 38 that there may be greater benefits with vitamin D above 792 IU (actual intake in most studies between 792 and 844 IU) but no difference with less than or more than 1000 mg calcium, and that there are inconsistent effects when vitamin D is given in large monthly or annual doses. 24, 39 Analyses did show that vitamin D may have greater effects in reducing falls 30, 32 and fractures among people with low vitamin D status. 24 Autier and colleagues 25 also found that about 800 IU daily over several months can increase serum vitamin D levels to "normal" in people with initial vitamin D deficiency (e.g., ≤ 25 nmol/L).
Pharmacologic therapies for those at high risk of fracture
When making recommendations about pharmacologic therapies for those at high risk of fracture, we placed a high value on issues that are prevalent among older persons and that may make it difficult to safely administer these medications and on the immediate risks of fractures and the consequences of falls and fractures, including increased pain, loss of mobility and greater risk of death.
We calculated the effects of benefits and harms at one year or more; as such, these recommendations apply to older persons with life expectancy greater than one year.
For residents who are at high risk of fractures, we recommend that alendronate (weekly) or risedronate (weekly or monthly) be used as firstline therapy (strong recommendation; moderatequality evidence).
The probable reductions in fractures (hip, vertebral and nonvertebral) and mortality with alendronate or risedronate outweigh the low or uncertain risk of harms or adverse effects, such as atypical femoral fractures. Alendronate and risedronate are recommended as first-line therapies because of their low cost relative to other therapies. Tablets of alendronate and risedronate are not to be crushed, and these drugs are to be provided to older persons who can remain upright for 30 minutes after administration. Some formulations must be administered at least 30 minutes before food intake. Other formulations can be taken with food.
For older persons who cannot swallow or have difficulty taking oral medications, alternative first-line therapies are available (see below for recommendations concerning denosumab and zoledronic acid). The product monographs indicate that alendronate 40 and risedronate 41 are not recommended for older persons with severe renal insufficiency (creatinine clearance < 35 mL/min or < 30 mL/min, respectively).
For residents who are at high risk of fractures and who have difficulty taking oral medications, we recommend that zoledronic acid be used as firstline therapy (strong recommendation; moderatequality evidence).
The probable reductions in fractures (hip, vertebral and nonvertebral) and mortality with zoledronic acid slightly outweigh the uncertain increased risk of musculoskeletal adverse effects (e.g., arthralgia, myalgia) and the higher cost rela tive to other first-line therapies. This recommendation applies to older persons who have difficulty taking oral medications because of dysphagia, an inability to sit up for 30 minutes, cognitive impairment or intolerance. The product monograph for zoledronic acid 42 indicates that infusion should be performed over no less than 15 minutes. Health Canada advises that caution is necessary for people who receive other medications that could affect renal function, that creatinine clearance should be monitored before and periodically after treatment, that appropriate hydration (500 mL of water) is necessary before and after treatment, and that this medication should not be given to people with severe renal impairment (creatinine clearance < 30 mL/min). 43 
For residents who are at high risk of fractures and who have difficulty taking oral medications, we recommend that denosumab be used as firstline therapy (strong recommendation; moderatequality evidence).
The reductions in fractures (hip, vertebral and nonvertebral) and mortality with denosumab slightly outweigh the small and uncertain risk of serious infections and greater cost relative to other first-line therapies. This recommendation applies to older persons who have difficulty taking oral medications because of dysphagia, an inability to sit up for 30 minutes, cognitive impairment or intolerance. Although denosumab may be prescribed for residents with renal impairment, the product monograph for denosumab 44 indicates that in clinical studies, patients with renal impairment (creatinine clearance < 30 mL/min) and those receiving dialysis were at greater risk of hypocalcemia than those without renal impairment.
For residents who are at high risk of fractures, we suggest teriparatide (conditional recommendation; moderate-quality evidence).
Although the benefits of teriparatide (in particular for vertebral fractures) probably outweigh potential harms of treatment, the cost of therapy restricts access to this medication, and there may be a higher burden because of the need for daily injections. A low value was placed on the uncertain effect of teriparatide on back pain because of past and future vertebral fractures and on hip fractures.
For residents who are at high risk of fractures, we suggest that raloxifene not be used (conditional recommendation; moderate-quality evidence).
The harms of raloxifene (including venous thromboembolism and musculoskeletal events, such as arthralgia and myalgia) probably outweigh the probable reduction in vertebral fractures and the small reductions in hip and nonvertebral fractures.
For residents who are at high risk of fractures, we suggest that etidronate not be used (conditional recommendation; moderate-quality evidence).
There is moderate-quality evidence for little to no reduction in fractures (in particular, hip fractures) with etidronate. The cost of this drug is high, given the lack of important benefits.
Summary of the evidence
There is moderate-quality evidence for pharmacologic therapies from network meta-analyses of randomized controlled trials involving more than 100 000 people at high risk of fractures. 27, 38, 45 There was risk of bias in some studies and uncertainty when the effects in postmenopausal women were applied to long-term care residents. Results showed probable reductions in hip fractures of about 25 per 1000 across all drugs, but relatively smaller reductions with etidronate and raloxifene. Evidence also showed probable reductions in vertebral fractures (about 100 fewer per 1000) and nonvertebral fractures (about 20 fewer per 1000) with all drugs, but greater reductions with teriparatide and smaller reductions with raloxifene. Systematic reviews showed that reductions in mortality rates may be likely with bisphosphonates (10 fewer [95% CI -22 to 3] per 1000), raloxifene (10 fewer [95% CI -21 to 0] per 1000) and denosumab (23 fewer [95% CI -46 to 6] per 1000). 46 Other bene fits, based on lowquality evidence, may include a small reduction in back pain related to past and future vertebral fractures for teriparatide, 47 but there was little to no effect on quality of life for other therapies. [48] [49] [50] [51] There was low to very low quality evidence for very small risks of serious events such as osteonecrosis of the jaw and atypical fractures or delayed healing (estimated at < 1 per 10 000 community-dwelling older people). [52] [53] [54] It is unclear whether these risks would be higher among long-term care residents. The evidence for risk of atrial fibrillation with bisphosphonates 55 and cerebrovascular or cardiovascular events with raloxifene was also of low quality; 56 these results were imprecise and include the possibility of small to no increases in these events. 48 and serious infections may increase with denosumab (8 more [95% CI 0 to 18] per 1000). 57 Randomized controlled trials and pharmacovigilance for bisphosphonates and raloxifene showed little to no effect of these drugs on serious gastrointestinal events. 38 We estimated that direct drug costs were worth the overall beneficial consequences of most drugs, with the exception of etidronate and raloxifene. The costs of zoledronic acid, denosumab and teriparatide were also high relative to those of other therapies.
Hip protectors For residents who are mobile and at high risk of fractures, we recommend hip protectors (strong recommendation; moderate-quality evidence). For residents who are mobile but not at high risk of fractures, we suggest hip protectors, depending on resources available and the residents' values and preferences (conditional recommendation; moderate-quality evidence).
These recommendations place a high value on avoiding the serious consequences of hip fractures in mobile residents, including pain, loss of mobility and death. A lower value was placed on the cost or burden for an individual or for the long-term care home's resources. Given the small reductions in hip fractures achieved with hip protectors, older persons who are not at high risk may choose alternative options to prevent hip fractures. It is recognized that adherence to a recommendation to wear hip protectors may be challenging, and therefore strategies to improve adherence may be needed. This recommendation applies to hard and soft hip protectors, and the choice between them may depend on preference.
Summary of the evidence
Moderate-quality evidence from systematic reviews showed a relative risk reduction in hip fractures of 18% (95% CI 0% to 33%) among older persons wearing hip protectors in institutional settings. 58 Over one year, four fewer hip fractures (95% CI -7 to 0) per 1000 older persons wearing hip protectors may be likely, and among older persons at higher risk, 11 fewer (95% CI -20 to 0) per 1000. However, one more pelvic fracture (95% CI 0 to 4) per 1000 older persons not at high risk and eight more (95% CI -3 to 30) per 1000 older persons at high risk may be likely. Moderatequality evidence also showed that there is probably little or no difference in the frequency of falls or adverse events requiring medical attention, and that minor adverse events, such as skin irritation, occurred in less than 2% of people wearing hip protectors (soft or hard). The effect on quality of life and mortality is uncertain, and data for pain, anxiety, mobility and performance of activities of daily living were not available. Adherence to hip protector use varied across studies, from 24% to 80%. The impact of adherence on the effects of hip protectors is unclear, but the effects observed may represent the true effects when this strategy is implemented.
Exercise
For residents who are not at high risk of fractures, we suggest balance, strength and functional training exercises to prevent falls (conditional recommendation; moderate-quality evidence).
This recommendation places a high value on the probable small reduction in falls that is achieved with exercise, as falls may lead to serious injuries. It also places a high value on the other benefits that exercise could provide and a lower value on the uncertain costs to implement exercise interventions in long-term care settings.
For residents who are at high risk of fractures, we suggest balance, strength and functional training exercises only when such exercises are part of a multifactorial intervention to prevent falls (conditional recommendation; low-quality evidence).
This recommendation places a high value on avoiding the small increase in falls that may occur among individuals at high risk of falls who participate in exercises, such as balance, strength and functional training. Some older persons may value exercising despite the potential risk of falls. When exercise is made available to residents, it should be provided as part of a multifactorial intervention to prevent falls (including a review of medications [e.g., using the Beers criteria 59 ], assessment of environmental hazards or use of assistive devices) or with other interventions to prevent fractures (including vitamin D and calcium supplementation, hip protectors and pharmacologic therapies).
Summary of the evidence
These recommendations are based on systematically reviewed evidence that is of moderate to low quality. 31 This review included subgroup analyses for older persons in high-level care and intermediate-level care facilities, which were used to inform the recommendations for those at high risk and not at high risk of fractures, respectively. Most studies did not measure fractures, quality of life, mobility or pain. Instead, the risk of falls was used to inform this recommendation. Costs were not reviewed. 
Multifactorial interventions For all residents, we suggest multifactorial interventions that are individually tailored to reduce the risk of falls and fractures (conditional recommendation; low-quality evidence).
Multifactorial interventions are defined as any combination of interventions to reduce falls that are tailored to an individual's risk. These interventions may include medication reviews (e.g., using the Beers criteria 59 ), assessment of environmental hazards, use of assistive devices, exercise, management of urinary incontinence and educational interventions directed to staff. This recommendation is conditional because of the lowquality evidence for important but small benefits and the unknown and potentially greater costs to implement multifactorial interventions in longterm care. A high value was placed on the small reductions in falls that may occur, as falls may lead to serious injuries. We have not suggested which interventions should be part of a multifactorial intervention, as it is unclear which combination of strategies provides benefit. It will be important to consider the resident's level of fracture risk and tailor strategies accordingly.
Summary of the evidence
The evidence from a systematic review of interventions to prevent falls in older people in care facilities was of low quality because of the risk of bias of the included studies and the moderate to high inconsistency of effects across studies, which could not be explained by the level of care, cognition or combination of interventions. 31 Most studies did not measure fractures, quality of life, mobility or pain; therefore, the risk of falls was used to inform this recommendation.
Overall, the systematic review suggested reductions in the number of falls (660 fewer falls [95% CI -1230 to 120] per 1000 older persons per year) and the number of residents who fell (55 fewer residents falling [95% CI -115 to 10] per 1000) with the application of multifactorial interventions. There was low quality of evidence for a reduced risk of hip fractures (10 fewer [95% CI -14 to 1] per 1000). There were insufficient data to explore the effects of different combinations of interventions, or specific interventions, and their human and financial costs.
Implementation
An overview of the implementation of these recommendations appears in Figure 1 . As advocated in the American Geriatrics Society's "Guiding Principles for the Care of Older Adults with Multimorbidity," 60 the preferences of residents and their caregivers must be incorporated into care. Tools that will enable organizational leaders and care teams to incorporate the recommendations into their organizational policies, structures and care processes are being developed in partnership with stakeholders (Osteoporosis Canada, www.osteoporosis.ca; Ontario Osteoporosis Strategy for Long-Term Care, www.osteoporosislongtermcare.ca). The recommendations will be reviewed as new treatment options or new evidence becomes available that changes the effects described in this guideline.
Other guidelines
These recommendations developed using the GRADE approach are consistent with recommendations for fracture prevention in residential aged care facilities in Australia 61 and with the expert consensus recommendations of AMDAThe Society for Post-Acute and Long-Term Care Medicine (formerly known as the American Medical Directors Association). 62 However, osteoporosis therapies available for residents at high risk of fracture vary among countries.
The optimal dosage of vitamin D supplementation for older adults has been a topic of debate within both the American Geriatrics Society 63 and the US Institute of Medicine. 64 Although there is agreement about evidence that a dose of 800 IU will reduce fractures, there is less agreement about serum levels required for optimal bone health and the dosage required to achieve that level for the greatest proportion of older adults. Given the challenge of meeting vitamin D requirements from Fracture risk assessment on admission
• Prior hip fracture?
• Prior vertebral fracture?
• More than one prior fracture (excluding hands, feet, ankles)?
• Recent use of glucocorticoid and one prior fracture (excluding hands, feet, ankles)?
• Assessed as high risk for fracture and receiving fracture treatment before admission?
• Vertebral fracture present? (if chest radiography ordered, screen for vertebral fractures)
Recommend: 
Gaps in knowledge
These recommendations were developed after consideration of the best available evidence. In most instances, the evidence was assessed to be of moderate or low quality, and further research may therefore change the estimates of effects and our confidence in those estimates. In particular, the evidence regarding fracture reduction achieved with pharmacologic therapies was based on effects observed among 100 000 postmenopausal, primarily weight-bearing women at high risk of fracture and was therefore assessed as indirect and downgraded because it may not be directly applicable to residents in long-term care. 27, 38, 45 Further research is urgently needed to determine the efficacy and safety of osteoporosis therapies when administered to residents with limited mobility and multiple comorbidities. Future research initiatives should also be directed toward validating a fracture risk assessment model for long-term care; [66] [67] [68] developing strategies to enhance dietary consumption of calcium; conducting studies of exercise that measure outcomes such as pain, mobility, quality of life and fractures; and innovative approaches to reduce injuries due to falls.
Conclusion
The goals of fracture prevention are to prevent pain, loss of mobility, serious injury and transfers to acute care and ultimately to maximize opportunities for quality living among long-term care residents. This guideline provides recommendations for the use of both nonpharmacologic and pharmacologic approaches to reduce fractures while considering residents' multimorbidities and life expectancy.
